4',6-diamidine-2-phenylindole (DAPI) is a common fluorochrome that is able to bind to deoxyribonucleic acid (DNA) with distinct, sequence depending enhancement of fluorescence. This work presents a possibility for the synthesis of a new multifunctional compound, that includes the fluorescent dye as a 99m Technetium ( 99m Tc) carrier. A new technique for the bioconjugation of DAPI with 6-hydrazinonicotinic acid (HYNIC) through an amide linkage was developed. The radiolabelling was performed with HYNIC as chelator and N -(2-hydroxy-1,1-bis(hydroxymethyl)ethyl)glycine (tricine) as coligand. Furthermore, experimental evidence showed that 99m Tc complexes with DAPI as DNA-binding moieties are detectable in living fisher rat thyroid follicular cell line 5 (FRTL5) and their nuclei. The investigations indicated further, that the new HYNIC-DAPI derivative is able to interact with double-strand DNA. This establishes the possibility to locate 99m Tc in close proximity to biological structures of living cells, of which especially the genetic information carrying cell compartments are in the centre of the interest. In this context, further investigations are related to the radiotoxic effects of DNA-bound 99m Tc-HYNIC-DAPI derivatives and dosimetric calculations.
Introduction
Today's level of knowledge in medicine affords a number of therapeutic options against carcinosis. One important area of expertise is nuclear medicine, in which beta emitting radio nuclides are used for therapy, for instance, 131 I, 188 Re, 90 Y, or 177 Lu 1,2 . Recently, the radio metal 99m Tc has become of interest. Because of its gamma radiation at 140 kilo electron volt (keV), it is commonly used for scintigraphy in nuclear medicine 3 . Furthermore, 99m Tc emits an average of five Auger and internal conversion electrons per decay. Auger processes are able to damage DNA, depending on the proximity of the radionuclide to the genetic material 2, 4, 5 . This provides a possibility for radionuclide therapy with 99m Tc that has already been demonstrated by several groups and is the subject of recent dosimetric investigations [6] [7] [8] [9] . Various cell experiments showed that low-energy elec-trons located outside the cell nucleus are relatively non radiotoxic, whereas intranuclear decay proximate to DNA causes single-and double-strand breaks [10] [11] [12] [13] . The difficulty in the use of Auger emitters in radionuclide therapy is that the radiotracer has to cross several physiological barriers and also has to be specific for the nucleus or DNA 14 . For this reason, the low accumulation rates of these radiotracers in living cells are the major limitation for therapeutic use. To take advantage of the potential of 99m Tc as an Auger emitter, the development of multifunctional radio nuclide complexes, which accumulate in the cell nucleus, is necessary. They include a complexing agent for the radio nuclide as a carrier for the transport through different cell barriers into the nuclei of living cells and a DNA binding moiety. There are various studies in this field of science, for example, with oligonucleotides 15, 16 , antibodies 17 , peptides 18 , large molecules containing nuclei localisation sequences (NLS) 19 , anthracenyl fragments 20, 21 , desoxyuridine 22 , acridine derivatives 18 , and Hoechst derivatives 23, 24 as carrier for different Auger emitters. Based on these results we developed a new approach with DAPI, a commonly used fluorescent dye for staining cell nuclei, as a carrier for 99m Tc. It was first synthesised by Dann et al. in the search for a new trypanocide and is an analogue of diary-lamidine (berenyl) 25 . Although not enforced in medical application until now, DAPI is widely used for biological and cytochemical investigations [26] [27] [28] . Among its various biological effects including antibiotic, antitrypanosomal, and antiviral activity, it is characterised by the binding to DNA or ribonucleic acid (RNA) [29] [30] [31] . It was found that two distinct modes of interaction may occur, depending on the sequence of DNA: a selective coupling to the minor groove with adenine-thymine base pair (AT)-selective, distinct increase of fluorescence quantum yield and an intercalative binding to guanine-cytosine base pair (GC) with low fluorescence that is comparable to the free dye 28, 32, 33 . Our working group aims to develop a combination of the DNA binder DAPI with the radio nuclide 99m Tc to investigate the biological effectiveness of the Auger emitter localised in the nuclei of living cells. Mainly, DAPI should act as a 99m Tc carrier through different cell barriers, as a DNA binding moiety, and the fluorescence of the dye should enable optical visualisation of the multifunctional compound. Neither DAPI nor the new derivative were selective for a cell line or a special tumour tissue. The new radiotracer should act as a tool for the investigation of the damaging potential of an Auger emitter under in vitro conditions and should enable the acquisition of significant data for dosimetric calculations. To obtain a combination of the fluorescent dye with the radio nuclide, HYNIC was chosen as a chelator for 99m Tc, which was coupled to DAPI through an amide linkage. The Technetium(V)-HYNIC system was firstly introduced by Schwartz et al. 34 and allows 99m Tc labelling with very high specific activity under mild conditions. Furthermore, the convertibility of coligands provided the opportunity to influence the stability or the biodistribution of the 99m Tc complex 35, 36 . Because HYNIC occupies either one or two coordination sites of 99m Tc, the coordination sphere must be completed by a coligand. The current investigations were made with tricine, one of the most commonly used coligands, whose complexing reaction with 99m Tc is described as fast and efficient under mild conditions [37] [38] [39] [40] [41] [42] [43] . To prove the influence of the spacer between DAPI and HYNIC, different HYNIC-DAPI derivatives were synthesised that will be presented in forthcoming publications. This work describes the synthesis and characterisation of one derivative with a spacer based on a bovine serumalbumin (BSA) derivatisation by Li et al. 44 , its labelling with 99m Tc, and gives an introduction to the in vitro behaviour of the labelled and unlabelled HYNIC-DAPI derivatives in an FRTL5 cell line. Furthermore, these results provide a basis for DNA binding experiments, survival studies in cell culture, and dosimetric calculations based on the 99m Tc distribution within various cell compartments.
Results

Chemistry
The fluorochrome DAPI was derivatised on the 3-position of the phenylindole residue by treatment with 2-hydroxy-5-nitrobenzyl bromide (Koshland's reagent). Afterwards, the palladium catalysed reduction of the nitro group gives compound 1 (Scheme 1-I) 44 . Then, 5-(N '-tertbutoxycarbonylhydrazino)pyridine-2-carboxylic acid 2,5-dioxo-pyrrolidin-1-yl-ester (succinimidyl-N -Boc-HYNIC) was reacted with 4-aminobutyric acid (GABA) in the presence of the base N,N -diisopropylethylamine (Hünig's base) to introduce the linker for coupling with 1(Scheme 1-II). Coupling between 1 and 2 was achieved by activation of the carboxylate group of 2 using 1,1'-carbonyldiimidazole (CDI) to give 3 in 14% yield after reversed phase high performance liquid chromatography (RP-HPLC) purification (Scheme 2-III). After deprotection and reprotection of 3 by treatment with trifluoroacetic acid (TFA) for 1 d, the trifluoroacetyl protected HYNIC-DAPI (4b) was formed as 9:1 inseparable mixture with deprotected HYNIC-DAPI (4a). These mixture can be used for 99m Tc labelling without further purification. The deprotection with 4 M hydrochloric acid (HCl) gives the hydrochloride salt of HYNIC-DAPI (4c). The purification of 4c was tedious, associated with a loss of yield, and inseparable side products were formed. 
Radiochemistry
Both 4a/4b and 4c can be labelled using 99m Tcpertechnetate in the presence of tin(II) chloride dihydrate and tricine as coligand in saline to give 99m Tc(tricine) n HYNIC-DAPI (Figure 2 ). The reaction is complete after an incubation time of 10-15 min at room temperature and leads to a specific activity of up to 0.30 GBq/nmol. The analysis with RP-HPLC showed that the labelling of both derivatives resulted in the same product, whose formal structure is shown in Figure 1 (5), hereafter named 99m Tc-HYNIC-DAPI. The RP-HPLC chromatogram of labelled 4c and 4a/4b (1/9) is shown in Figure 2A and Figure 2B , respectively. The assignment of the most important signals from the UV traces is as follows: signal 1) HYNIC-DAPI derivatives 4c and 4a, signal 2) trifluoroacetyl protected HYNIC-DAPI derivative (4b). All further UV-signals are caused by side products. The signal of 99m Tc-HYNIC-DAPI was broadened, which was not unexpected. The comprehensive analysis led to the conclusion that within a retention time of 1 min up to three radioactive signals overlapped. They belong to different species of 99m Tc-HYNIC-DAPI. However, they could not be separated by solid phase extraction (SPE), thin layer chromatography (TLC), or RP-HPLC. Radioactive impurities were detected by instant thin layer chromatography (ITLC-SG), which showed showed, that absorption and fluorescence characteristics did not change significantly and that the new derivative could be detected with the common microscope filter for DAPI. The absorption maximum, as well as the fluorescence maximum of HYNIC-DAPI, are slightly red shifted. Hence, excitation for live cell microscopy had to be higher than for DAPI but the basic characteristics remained. Figure 3 show the typical fluorescence characteristics of DAPI with high fluorescence in cell nuclei and no fluorescence enhancement in the cytoplasm. Both images led to the conclusion that the fluorescence enhancement is restricted to the nuclei and was inhomogeneous, with different fluorescence enhancement from cell to cell. The live cell experiments also showed that the fluorescence increased steadily up to 2 h (Figure 4A) . At this time all nuclei are dyed ( Figure 3B ) and there is no significant difference to the results of 3A with fixed cells. The distribution pattern of HYNIC-DAPI in Figure 3C and 3D shows comparable characteristics as described for DAPI. Again, the elevation of the fluorescence signal in the nuclei is much higher than in the cytoplasm. It seemed to be steady ( Figure 4B ) and the fluorescence enhancement within the nuclei is also inhomogeneous as described for DAPI before. After 2 h, not all cell nuclei in the live cell experiment are dyed (4D), whereas the enrichment within the nuclei of fixed cells (4C) is more homogeneous and dyes all cell nuclei. All experiments with fixed cells showed a faster and much higher fluorescence enhancement within the nuclei than the live cell experiments. High enough to account for exclusive enrichment in nuclei as it was expected after fenestration of the cell membrane. The argument was solely qualitative because we neither quantified the elevation in quantum yield, nor distinguished if this elevation was caused by en-hanced accumulation within the nuclei or by increasing interaction with DNA. The time-fluorescence graphs in Figure 4 gave more information about the changes in fluorescence in living FRTL5 cells over the entire measuring time. Background fluorescence is negligible in comparison to that within the nuclei. The first changes in fluorescence within the nuclei were measured after 15 min for DAPI (4A) and 25 min for HYNIC-DAPI (4B). Then, a steady fluorescence elevation for both dyes over the entire measuring time occurs and the qualitative fluorescence increase of DAPI is higher and faster compared with that of HYNIC-DAPI. The results gave no evidence about the uptake kinetics of both dyes and the changes in fluorescence quantum yield between DAPI and HYNIC-DAPI within the cell nuclei are not comparable. The fluorescence elevation proved the enrichment of both dyes within the nuclei of living FRTL5 cells and is an evidence for the local interaction with biological structures, e.g. the DNA.
The properties of
99m Tc-HYNIC-DAPI in cell culture. To perform the in vitro experiments, an activity of 0.2 MBq of purified 99m Tc-HYNIC-DAPI was given to each well. The uptakes within the cells for method 1 and method 2 are given in %. The cell uptake for method 2 was calculated as the sum of the fractions from the nuclei isolation kit. The uptakes were calculated based on the added activity of 0.2 MBq and normalised to 5 · 10 5 FRTL5 cells. The relative compartment uptake for method 2 was calculated based on the entire cell uptake and normalised to 1. All results are decay corrected and, because of the unspecific adsorption of 99m Tc-HYNIC-DAPI, also background corrected. The in vitro behaviour was investigated by two different methods. After the respective incubation times (see Section 5.3) cells were washed twice with cold phosphate buffered solution (PBS) and either detached with sodium hydroxide (method 1) or separated and fractionated with buffer from the Nuclei EZ Prep nuclei isolation kit (nuclei isolation kit) (method 2). Using method 1, the results showed a fast accumulation of 1.85 ± 1.09% within one hour after addition of 99m Tc-HYNIC-DAPI ( Figure 5A ). Up to 24 h the uptake slows down and reaches a maximum uptake of 2.81 ± 0.61%. The results of the preparation with the nuclei isolation kit (method 2) confirmed these observations. The experiments showed rapid accumulation within 30 min (1.89 ± 0.33%) and uptakes of 3.10 ± 0.36% after an incubation time of 24 h ( Figure 5A ). Figure 5B shows the relative ratio of lysateand nuclei-bound activity, normalised to the cell uptakes shown in Figure 5A ( method 2). Compared to the increasing cell uptakes the relative amount of nuclei bound activity remains constant. Thus, the cell fragmentation indicates that during the entire measurement period of 24 h about 1/15 of the cell internalised activity is located within the nucleus. Based on these results, the changes in cell uptake were mainly caused by the cytoplasm bound activity. 
Stability experiments
Stability experiments were performed with 99m Tc-HYNIC-DAPI in labelling solution at room temperature at pH 5 and in Gibco F12 culture media at 37
• C at pH 7 over an incubation time of 24 h ( Figure 6 ). The de- composition half live of 99m Tc-HYNIC-DAPI derivatives in the labelling solution is comparable with that in culture medium and average 8 h. After 24 h an amount of 16.00 ± 7.08% or 20.56 ± 7.01% of the original compound remains in the labelling solution or in culture medium. Radioactive decomposition products were detected by TLC. They were identified as reduced hydrolysed 99m Tc (colloid), free 99m Tc-tricine coligand complex, and an unknown 99m Tc species. However, they could not separated by SPE or RP-HPLC.
Discussion
Chemistry
After derivatisation of DAPI with Koshland's reagent and reduction of the nitro-group, the introduction of the HYNIC chelator to compound 1 was feasible by coupling with 2, which was synthesised from succinimidyl-NBoc-HYNIC and GABA. The final tert-butyloxycarbonyl (Boc) deprotection with TFA gave the new HYNIC-DAPI conjugate as a 1:9 mixture of HYNIC-DAPI 4a and the trifluoroacetyl protected HYNIC-DAPI 4b. When hydrochloric acid was used, complete deprotection of HYNIC-DAPI 4c was achieved. During purification of 4c, side products were formed that could not be separated from the product. In accordance with the literature we found, that HYNIC-DAPI is not stable in aqueous solution due to the high reactivity of the hydrazine group. HYNIC reacts with impurities that were extracted from various plastic materials and the resulting hydrazone derivatives block the labelling reaction 45 . To overcome this problem we used the more stable trifluoroacetyl protected HYNIC-DAPI 4b, instead of the free hydrazine form 4c or 4a.
Radiochemistry
As described in section 2.2, the labelling of both HYNIC-DAPI derivatives 4c and 4b led to the same product:
99m Tc-HYNIC-DAPI (5). There is no need for removing the TFA-group, whose advantages and characteristics already were described by Surfraz et al. for the 99m Tc labelling of other trifluoroacetyl protected HYNIC derivatives 46, 47 . The RP-HPLC analysis showed several 99m Tc species with very similar properties, which contributed to the radioactive signal of 5 ( Figure 2) . The overlapping signals were expected and were caused by an coordination isomerism of the hydrazine bond of the HYNIC residue and the coligand tricine. Although literature describes that HYNIC can act as a monodentate as well as a bidentate ligand and the number of coligands can vary between 1-3, the exact coordination and configuration of 99m Tc-coligand-HYNIC complexes is not known 46, 48, 49 .
In vitro studies
3.3.1 The properties of unlabelled HYNIC-DAPI in cell culture. The distribution characteristics shown in Figure 3A and 3B led to the conclusion that DAPI was enriched in cell nuclei of living FRTL5 cells, as described in literature for other cell lines. It is also known that the fluorescence quantum yield of DAPI in aqueous solution is negligible 26, 50 and that the remarkable increase of fluorescence quantum yield is caused by an AT-selective minor groove binding to DNA 26, 29, 31, 50 . The results in 3A and 3B prove, that enrichment of DAPI in the nuclei of fixed and living FRTL5 cells goes along with an interaction with the DNA. The images in Figure 3C and 3D showed that also the unlabelled HYNIC-DAPI (4a/4b) is able to cross the cell membranes of living FRTL5 cells. Furthermore, a qualitative analysis demonstrated a higher elevation of fluorescence in nuclei than in the cytoplasm for both dyes (Figure 4) . In comparison with DAPI, the fluorescence signal of HYNIC-DAPI in aqueous solution is insignificant. Therefore it is likely that the enrichment in the nuclei is also related to an interaction with the DNA of living FRTL5 cells. The measurements gave no information about the kinetics of internalisation of DAPI and HYNIC-DAPI. No uptake information of DAPI is given in the literature. The change of the quantum yield indicated the interaction of both dyes with biological structures, e.g. the DNA, but did not allow to determine the quantitative uptake into cell compartments. The changes in fluorescence enhancement of both dyes, as seen in Figure 4 , were not comparable. As described in literature, the fluorescence quantum yield depends on the composition of the DNA, e.g. the conformation or the AT content, thereby on the disposability of binding sites, and the type of interaction [28] [29] [30] [31] [32] [33] . This is one reason why the fluorescence intensity within the cell nuclei seemed inhomogeneous for both dyes. Furthermore, the enrichment within the cell nuclei is dependent on involved transport mechanisms during influx, efflux, and on cell specific decomposition mechanisms. Up to date the transport routes and the metabolism of DAPI were mainly unresolved, but it was assumed that multitude pathways are involved 51, 52 . The efficiency of decomposition and transport mechanisms of DAPI and HYNIC-DAPI may be dependent on the individual state of the cells, e.g. the vitality, the integrity of cell membranes, extraneous influences, and the phase of the cell cycle. These influences to the in vitro behaviour may also cause the inhomogeneous enrichment. The requirement for the comparison of DAPI and HYNIC-DAPI in Figure 4 is the knowledge of the affinity, the binding mode, and the individual factor for the enhancement of the fluorescence quantum yield for the special interaction with the DNA of FRTL5 cells. So far, we were not able to quantify the elevation in quantum yield in the nuclei of living FRTL5 cells, but the qualitative studies suggests an interaction between HYNIC-DAPI and DNA as described for DAPI before. The investigation of the of the HYNIC-DAPI derivatives with calf thymus DNA (ctDNA) will be investigated in further studies, first results of the effects of 99m Tc-HYNIC-DAPI on plasmid DNA have already been published 13 .
The properties of 99m
Tc-HYNIC-DAPI in cell culture. Uptake experiments showed that 99m Tc-HYNIC-DAPI is able to cross the cell membranes of living FRTL5 cells and correlated with the qualitative fluorescence data. The inability to characterise the 99m Tc species of HYNIC-DAPI is not unexpected 46, 48, 49 , but does create problems in understanding which radiochemical species may be responsible for cell uptake and internalisation into the nuclei. The comparison of the uptake results, obtained with two different methods, showed good correlation within an incubation time of 24 h. The determined uptake maxima were at 2.81 ± 0.61% with method 1 and 3.10 ± 0.36% with method 2 ( Figure 5A ). Furthermore, both methods showed that the accumulation within 1 h is initially fast and then slows down. This seemed to be a strange uptake pattern and indicated the influence of interfering parameters. From our point of view the most important parameter is the unspecific adsorption of the 99m Tc-HYNIC-DAPI species to the plastic wells which also caused the large error bars. Hence, reference measurements were performed and all uptakes were background corrected. Based on the results of the compartment analysis (nuclei isolation kit, method 2), the amount within the nuclei is an average 1/15 of the cell-internalised activity. Although 99m Tc-HYNIC-DAPI showed enrichment and distribution within the whole cells, it cannot be considered to be specific for an interaction with the DNA of living FRTL5 cells. Further investigations of our group confirm the thesis of a direct interaction with free DNA and proof that 99m Tc-HYNIC-DAPI is bound to plasmid DNA, introducing 4-fold more single-strand breaks (SSB) and up to 10-fold more double-strand breaks (DSB) than free 99m Tc sodium pertechnetate 13 . As shown in section 2.4 the decomposition half life of 99m Tc-HYNIC-DAPI is about 8 h in culture medium. Decomposition influences the internalisation into the cells and the distribution between the cell compartments, e.g. into the nuclei. Therefore, the limited disposability of 99m Tc-HYNIC-DAPI could be the explanation for the decreasing uptake kinetic from 1-24 h and the constant amount of activity within the cell nuclei. It is likely that the plateau in the uptake curve ( Figure 5A ) is caused by the stopped internalisation of 99m Tc-HYNIC-DAPI and the residue of the decomposition products within the cell compartments. This means the decomposition products neither internalise into cells nor move within the cell compartments. The influence of 99m Tc sodium pertechnetate is negligible because all uptake experiments were achieved with purified 99m Tc-HYNIC-DAPI. The internalisation of reduced hydrolysed 99m Tc (colloid) in cells is not considerable. The uptakes of the 99m Tc-tricine coligand complex and of the unknown 99m Tc decomposition products could be approximately determined from the other decomposition products. The measurements with reference preparations suggest that the uptake of these products is negligible and that there is no enrichment into cell nuclei (data not shown). Possible and up to date unknown further impairments of the in-vitro behaviour are cell specific decomposition mechanisms and influences of involved transport mechanisms, as described in section 3.3.1.
Stability
The experiments showed a lower stability of 99m Tc-HYNIC-DAPI (5), as expected. In further investigations, the use of another coligand may give a higher stability of the complex that may finally result in higher uptake. The stability of the complex with tricine as coligand in the labelling solution is comparable with that in culture medium. After approximately 1 d, ≤ 20% of intact complex was detected. Three species of decomposition products were identified by ITLC-SG: reduced hydrolysed 99m Tc (colloid), 99m Tc-tricine coligand, and one unknown 99m Tc species. The characterisation of the 99m Tc-tricine coligand species and the unknown decomposition products of 99m Tc-HYNIC-DAPI was not possible because they could not be isolated by SPE or RP-HPLC.
Conclusion
A new HYNIC-DAPI derivative for labelling with the radio nuclide 99m Tc was successfully designed. The labelling procedure is a simple batch preparation that leads to high specific activity. The fluorescence micrographs and several in vitro experiments proved that the labelled as well as the unlabelled HYNIC-DAPI derivatives were able to cross different cell barriers and enrich within the nuclei of living FRTL5 cells. The enrichment may be influenced or limited by various parameters, e.g. stability, the isomerism of the coligand complex, the un-specific adsorption, together with cell specific decomposition and transport mechanisms. No reference data about uptake mechanisms and the distribution ratio of DAPI in living cells are available so far, which creates problems in understanding the in vitro behaviour of the new HYNIC-DAPI derivative. To overcome these limitation, further experiments with DAPI and HYNIC-DAPI in other cell lines could offer a better understanding of the internalisation mechanism. Moreover, the low stability of 99m Tc-HYNIC-DAPI limits the accumulation rate and may be improved by another coligand which may lead to higher cell or nuclei uptakes. Furthermore, the unlabelled and the labelled HYNIC-DAPI are similar in their (bio)chemical properties and in vitro behaviour. The qualitative analysis of the experiments with fixed and living cells indicated an enrichment within the cell nuclei by shifting the quantum yield and confirmed the results of the uptake measurements. As mentioned before, we neither quantified the elevation in quantum yield nor determined the binding mode in the HYNIC-DAPI-DNA complexes.
The new HYNIC-DAPI derivative gives no ability for any therapeutic use in auger emitter radiotherapy. Neither DAPI nor HYNIC-DAPI are selective for a cell line or a special tumour tissue. The goal of this work was the development of a multifunctional compound with DAPI as a carrier for 99m Tc, the radiolabelling, and the in vitro evaluation in an FRTL5 cell line. These results provide a basis for the quantification of radiotoxic effects and dosimetric parameters for the damaging potential of an auger emitter under in vitro conditions.
Experimental section
Chemistry
All reagents and solvents were purchased from Appli Chem, TCI, Fluka, Merck, and Sigma Aldrich. 6-Bochydrazinopyridine-3-NHS was synthesised as described in the literature 40 . All chemical reagents were of highest commercially available quality and were used without further purification. Analytical high performance liquid chromatography (HPLC) analyses for compounds 1, 2, 3, and 4 were performed using an Agilent 1100 HPLC (Agilent Technologies, Böblingen/BadenWürttemberg/Germany) with a quaternary pump, UV/Vis detector, and autosampler. For compound 1-3 and 4a/4b the system was equipped with a Sunfire ® C18 column (4.6 x 250 mm, 5 µm). Monitoring was achieved by a gradient method with the eluents water and acetonitrile, both with 0.1% TFA: 100-60% water (0-30 min), 60-30% water (30-40 min), flow rate 1 ml/min. UV detection was performed at wavelengths of 220, 280, 308, and 326 nm. The analytical system for compound 4c was equipped with a YMC ODS-A C18 column (4.6 x 250 mm, 5 µm). Monitoring was achieved by a gradient method with the eluents water and acetonitrile, both with 0.1% 12 M HCl: 100-60% water (0-30 min), flow rate 1 ml/min. UV detection was set at 220 nm. BocHYNIC-DAPI 3 and deprotected HYNIC-DAPI 4c were purified by preparative HPLC (Merck-Hitachi LaChrome D-7000) with an L-7100 pump and an L-7400 UV detector (Merck, Darmstadt/Hesse/Germany).
The system was equipped with a Sunfire ® Prep C18 OBD column (30 x 250 mm, 10 µm) . The eluents for purifying 3 were water and acetonitrile, both with 0.1% trifluoroacetic acid (TFA): 20% acetonitrile, isocratic conditions, flow rate 20 ml/min. UV detection was set at 220 nm. Purification of 4c was achieved with the eluents water and acetonitrile, both with 0.1% 12 M HCl: 100-60% water (0-40 min), flow rate 20 ml/min, UV detection was set at 220 nm. 1 H-NMR and 13 C-NMR spectra were recorded with a Bruker spectrometer (Bruker BioSpin GmbH, Rheinstetten/Baden-Württemberg/Germany) in deuterated dimethyl sulfoxide (DMSO-d 6 ) or deuterated methanol (CD 3 OD). The chemical shifts are reported in parts per million (ppm), and the coupling constants (J) are reported in hertz (Hz). The centre lines of the multiplets of dimethyl sulfoxide (DMSO) or CD 3 OD were defined as 2.5, respectively 3.3 ppm and were used as internal references for the 1 H-nuclear magnetic resonance (NMR) spectra.
electro spray ionisation mass spectra (ESI-MS) were obtained using a MSQ mass detector (Thermo Fisher Scientific, Waltham/Massachusetts/USA). 99m Tc labelling was performed with fresh eluate from a 99 Molybdenum ( 99 Mo)/ 99m Tc generator (Ultra-Technekow TM FM, Covidien, Neustadt a. d. Donau/Bayern/Deutschland). Analysis and purification of the labelling products were performed using a Merck Hitachi Elite La Chrome HPLC instrument consisting of a pump, a L2420 UV-Vis detector, and a L2300 column oven (Merck, Darmstadt/Hesse/Germany). The system was equipped with a Chromolith ® Performance HPLC column RP18e (100 x 4.6 mm, 5 µm). The monitoring and purification of the labelling products were achieved under two different methods. The eluents were water and acetonitrile, both with 0.1% trifluoroacetic acid. The UV detection was set at 220 nm. Monitoring: 0-30% acetonitrile (0-30 min), flow rate 1.4 ml/min. Purification: 11-16% acetonitrile (0-20 min), flow rate 1.2 ml/min. TLC was performed with ITLC-SG (Varian) with saline, 2-butanone and a mixture of acetonitrile/water/trifluoroacetic acid 2/2/0.1 (v/v/v) as solvents.
The chromatography paper was analysed with a VCS 203 scanner from Veenstra (version 2.01). All radioactive samples from the in vitro experiments were measured with the Isomed 2000 V1.22 (MED Nuklearmedizintechnik Dresden GmbH, Dresden/Saxony/Germany) or with the gamma-counter COBRA TM II Auto-Gamma (Packard).
5.1.1 3-(5-Amino-2-hydroxybenzyl)-2-(4-carbamimidoylphenyl)-1H -indole-6-carboxamidine TFA salt (1).
Step 1: 2.85 mmol of 4,6-diamidin-2-phenylindole dihydrochloride (1.00 g, 1 eq.) was dissolved in 50 ml water and 27 ml acetone. A solution of 1.2 eq. Koshland's reagent (3.45 mmol, 0.80 g) in 27 ml acetone was added and the mixture was stirred at room temperature. After 22 h a second portion of 0.2 eq. Koshland's reagent (0.69 mmol, 0.16 g) was added and the reaction mixture was stirred for another 22 h. Then, the solvents were evaporated and the residue was dissolved in methanol. The mixture was evaporated again, the resulting yellow precipitate was suspended in chloroform and stirred overnight. The solid was filtered, washed twice with chloroform and once with water to3 J =7. 4 
Radiochemistry
Labelling was achieved with 7.0 · 10 −9 mol HYNIC-DAPI and 2 GBq of fresh 99m Tc sodium pertechnetate from a 99 Mo/ 99m Tc generator system in 1.0-1.5 ml saline (Fresenius Kabi) and 200 µl of a stock solution of 1.12 · 10 −1 mol tricine, containing 5.32 · 10 −4 mol tin(II) chloride dihydrate (SnCl 2 ·2H 2 O), was added. The reaction mixture was incubated for 15 min at room temperature. After quality control by TLC the labelling product was purified by RP-HPLC and used for stability analysis or in vitro experiments with the FRTL5 cell culture.
Cell culture experiments
All chemicals and culture media were purchased from Invitrogen, Biochrom AG, Merck, and Sigma-Aldrich. The FRTL5 cell line was obtained from the National Centre for Radiation Research in Oncology (OncoRay, Dresden). The nuclei isolation kit was purchased from Sigma Aldrich. For the uptake experiments cells were grown in 6-well multititer plates (MTP) (Becton Dickinson). Cells for live cell microscopy were sowed in special petri dishes from Ibidi, and those for the experiments with fixed cells in LabTekII chamber slides from Nunc. All cells were grown for 1 d in a CB150 or CB150E incubator from Binder in an atmosphere containing 5% carbon dioxide at 37
• C. After the addition of purified 99m Tc-HYNIC-DAPI, the cells were incubated in a IG150 incubator from Jouan with 5% carbon dioxide at 37
• C. Cell counting, growth control, and the analysis of fixed cells were performed with an Axioskop 40 microscope from Zeiss. For live cell microscopy, an Axio Observer Z.1 microscope by Zeiss with an incubator from Pecon was used. Both microscopes were equipped with a filter for transmitted light and a DAPI filter (λ Ex 360 nm, λ Em 460 nm).
Tissue preparation.
FRTL5 cells were grown in Gibco ® F12 +Gluta2MAX TM -I culture medium (Invitrogen) with the following additives: 5% foetal calf serum (FCS), 10 nmol/l hydrocortisone, 5 µg/ml transferrin, 10 ng/ml somatostatine, 10 ng/ml of the amino acids glycine, histidine, and lysine, 10 mU/ml thyroid stimulating hormone (TSH), and 10 µg/µl insulin. For the uptake (6-well MTP) and live cell experiments (petri dishes), 2.5 · 10 5 cells per cavity were grown. For the experiments with fixed cells, 3 · 10 5 cells were grown in chamber slides. Before starting an experiment the culture medium was replaced with 2 ml of fresh medium, including the required amount of labelled or unlabelled HYNIC-DAPI. Reference experiments were performed with 2 ml of renewed culture medium without any additions.
Fluorescence microscope analysis.
For the fixation experiments, 3 · 10 5 FRTL5 cells were grown for 1 d in 2 ml culture medium. Than the supernatant supernatant was removed and the cells were washed twice with 1 ml cold PBS (4
• C). They were fixed with 0.5 ml of 1% formaldehyde (Sigma Aldrich) in PBS buffer for 15 min and washed three times with 1 ml PBS for 5 min at room temperature. For the permeabilisation all cells were incubated three times with 0.5 ml 0.1% Triton X-100 (Merck) in PBS buffer for 5 min at room temperature, then washed three times with 1 ml PBS for 5 min at room temperature. The pretreated cells were incubated with 1.4 · 10 −8 mol DAPI (5 µg) or HYNIC-DAPI (10 µg) for 1 h in 2 ml of fresh culture medium at 37
• C. The cells were washed twice with 1 ml PBS at room temperature and the chamber was removed. The cells were surfaced with fluorescence mounting medium, covered with a cover glass and were analysed with the DAPI filter of the fluorescence microscope (Axioskop 40, Zeiss). For live cell imaging, 2.5 · 10 5 cells per cavity were incubated with respectively 20 µg of DAPI (5.71 · 10 −8 mol) or HYNIC-DAPI (2.8 · 10 −8 mol) in 1.5 ml fresh, temperature controlled (37
• C) culture medium. After each 5 min interval, images with exposure times of 20 ms (DAPI) and 350 ms (HYNIC-DAPI) were recorded with a DAPI filter. The visualisation with DIC technique was conducted simultaneous with exposure times of 50 ms. All images were recorded with the 40x-oil object lens of an Axio Observer Z.1 microscope (Zeiss). The overall measuring time lasted 2 h. Changes in fluorescence intensities were determined using the free software Fiji 1.46 and whose region of interest (ROI) manager tool. Into the cell nuclei and the background of all images respectively 1000 or 30 ROIs were located. The mean values of every image gave the fluorescence emission curve as seen in 
Uptake experiments. 2.5 · 10
5 cells were grown in three of six cavities of the 6-well MTP. The remaining three cavities without cells served as references to estimate background binding. All cavities were treated similarly. Every well was incubated with 0.2 MBq of purified 99m Tc-HYNIC-DAPI in 2 ml fresh, temperature controlled (37
• C) culture medium and placed in the incubator. The uptake was observed over 24 h (5, 10, 15,  30 min, and 1, 2, 4, 8, 24 h) . At chosen incubation times, the respective MTP were put on ice for 2 min and the supernatant was removed. All cavities were washed twice with 1 ml of cooled (4
• C) PBS. Cells were detached with 1 ml of 0.1 N sodium hydroxide. All fractions were collected separately and measured with the gamma-counter. The cell uptake was calculated based on the added activity of 0.2 MBq and is given in %. It is decay, background corrected, and normalised to 5 · 10 5 FRTL5 cells.
5.3.4
Uptake experiments with cell fractionation. Six-well MTP were handled similarly as in standard uptake experiments (see Section 5.3.3). Investigations were also conducted after 5, 10, 15, 30 min, and 1, 2, 4, 8, 24 h. The respective multiwell plates were put on ice for 2 min and the supernatant was removed. Cell nuclei were separated according to the protocol for the commercially available nuclei isolation kit. All fractions were collected separately and measured with the gammacounter. The cell uptake was calculated from the sum of the compartment fractions based on the added activity of 0.2 MBq, is background corrected, normalised to 5 · 10 5 FRTL5 cells, and is given in %. The relative compartment uptake was calculated based on the cell uptake and normalised to 1.
Stability experiments
The stability of 99m Tc-HYNIC-DAPI was investigated by TLC in the labelling solution and in culture medium after incubation times of 5, 10, 15, 30 min, and 1, 2, 4, 8, 24, and 48 h. The experiments were performed under following conditions:
1. in labelling solution: pH 5, room temperature, with no further add on;
2. in culture medium: pH 7, 37
• C, dilution of 50 µl (ca. 100 MBq) of purified 99m Tc-HYNIC-DAPI in 0.5 ml fresh, temperature controlled culture medium.
Both mixtures were incubated and shaken at 350 rpm at temperature control.
